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ABSTRACT 
A 90-day experiment was conducted to determine the effect of restricted 
ration and full feeding on the recovery growth and carcass compositions of 
fingerlings (average weight- 20.74 ± 0.13 g) of rohu, Labeo rohita (H.). Rohu 
fingerlings procured from a local fish breeder were fed with commercial 
pelleted feed (27o/o crude protein) during the two-week acclimatization in the 
laboratory condition. Experimental pelleted diet (30% crude protein) was 
prepared and the control group (TcFR) was fed at 3o/o of body weight for the 90-
day trial period. The experimental group T,,..R was fed for three days at 1 <% of 
body weight and the next three days at 3o/c) of body weight, T2m was fed for 
seven days at 1 o/o of body weight and the next seven days at 3% of body weight, 
T3m was fed for 15 days al l '/~ of body weight and the 15 days at 3o/o of body 
weight and T4FR was fed for 25 days at 1 o/o of body weight and the next 25 days at 
3o/o of body weight, alternating between 1 and 3(% for the specified period 
during the 90-day trial period. Daily rations were divided into two equal 
meals per day at 09.00 and 16.00 hours. Average percent survival rate of rohu 
during the 90-day tr-ial period was more than 90. Percent live weight gain 
(98.90 ± 0.34, 113.0~ ± 5.93, 125.71 ± 11.01 and 141.90 ± 2.89), specific growth 
rate (1.53 ± 0.0 L J.(,R :L 0.06, 1.80 ± 0.10 and 1.96 ± 0.02°/o/d) and absolute 
growth rate (1.33 ± 0.1.1, l.JX ! 0.07. 1.3') ± 0.04 and 1.44 ± 0.07 g/d) of the 
experimental groups (T,FR' T2m, T3m and T_.m, respectively) increased with the 
advancement of the experiment in comparison to those in control, Tcm (90.92 ± 
5.81 o/o, 1.44 ± 0.07o/o/d and 1.34 ± 0.20 g/d, respectively) and were 
proportionately correlated with the degree of deprivation probably through 
the mechanism of increasedJeed intake (hyperphagia), feed efficiency ratio or 
gross growth efficiency, protein efficiency ratio and the superior feed 
conversion ratio reflecting in better performance index. The body length and 
muscle composition of fish indicated that recovery growth happened due to 
protein growth but certainly not due to fat deposition in the gut. Feeding at 1 
and 3% of body weight alternating over a period of25 days might economize 
the culture operation ofrohu. 
Keywords: Recovery growth, feed deprivation, fuU feeding, carcass 
composition, rohu (Labeo rohita) 
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INTRODUCTION 
Recovery growth is defined as a 
phase of usually rapid growth following 
a period of undernutrition (Hayward et 
al., 1997). Through this growth spurt, 
animals subjected to prior nutritional 
restriction may partially or completely 
catch up in body size with those that 
have not undergone food restriction 
(Kim and Lovell, 1995). Feed input is 
the single largest operational cost in a 
majority of aquaculture practices (De 
Silva, 1985). Fish nutrition researches 
are mainly directed towards reducing 
feed cost through the manipulation of 
dietary formulation or implementing 
economic feeding strategy (Viola and 
Arieli, 1992). De Silva ( 1985) cited 
evidence to prove the existence of daily 
variations in dry matter digestibility and 
suggested that feeding fish everyday 
with the same level of dry matter is not 
economical. Based on this hypothesis, 
the experiment was conducted to 
further test its applicability in rohu 
(Labeo rohita) advanced fingerlings: 
MATERIAL AND METHODS 
Rohu fingerlings were procured 
from Fish Cultivate Centre, 
Rajrendrapur, Naihati, 24 Parganas (N), 
West Bengal, and maintained in two 
fibreglass tanks of 550 1 capacity with 
continuous aeration upon arrival at the 
laboratory. The fish were acclimatized 
to laboratory conditions for two weeks 
during which they were fed at 3% of 
body weight once a day on a 
commercial pelleted feed (27% crude 
protein, 4% lipid, 52% carbohydrate 
and 4100 kcal/kg gross energy). The 
feeding trial was conducted in plastic 
tubs (50-l capacity), which were fitted 
with electrically-operated aerators. At 
the start of the experiment, 150 
acclimatized rohu fingerlings (average 
weight- 20.74 ± 0.13 g) were divided 
into five experimental groups (30 
fingerlings in each group with three 
replications of ten fingerlings in each) 
for the 90-day trial using a completely 
randomized design. All the tubs were 
covered with polythene net in order to 
prevent jumping out of fish from the 
tub. 
The formulation and proximate 
composition of pell.eted feed are given 
in Table 1. The experimental pelleted 
( l-mm diameter) diet for rohu 
fingerlings was prepared to meet the 
nutritional requirement (NRC, 1993). 
Proximate principles (dry matter, crude 
protein, crude fibre, ether extract? total 
ash, organic mai:ter and nitrogen-free 
extract) in feed were analyzed as per the 
method described in AOAC ( 1995). 
Calcium in the feed was determined by 
the atomic absorption 
spectrophotometric method (AOAC, 
1995) and the phosphorus content of 
feed was estimated by the 
spectrophotometric method (AOAC, 
1975). Control group (TcFJ was fed at 
3% of body weight for the 90-day trial 
period. The experimental groups were 
fed alternately at 1 and 3% body weight, 
the period of alten1ation being 3, 7, 15 
and 25 days for T1FR' T2FR' T3FR and T4FR' 
respectively, during the entire 
experimental duration of 90 days. 
Daily rations were divided into two 
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Table 1: Ingredients and nutrient compositions of experimental diet for rohu 
Ingredient composition 
Ingredient 
Maize 
Rice bran 
Soybean meal 
Fish meal 
Wheat gluten meal 
Wheat flour 
Vegetable oil 
Dicalcium phosphate 
Iodized salt 
Trace mineral premixa 
Vitamin premixb 
Lysine 
Butylated hydroxyl anisole 
Methionine 
Total 
Nutrient composition 
Moisture(%, estimated) 
Crude protein(%, estimated) 
Ether extract (%, estimated) 
Total ash (%, estimated) 
Crude fibre(%, estimated) 
Nitrogen-free extract(%, estimated) 
Metabolisable energy (kcallkg, calculated) 
Calcium(%, estimated) 
Inorganic phosphorus (%, estimated) 
Available phosphorus (%, calculated) 
Lysine (%, calculated) 
Methionine(%, calculated) 
Protein-free energy ratio (mglkcal, calculated) 
Quantity (kg/100 kg) 
28 
5 
50 
10 
2 
2 
1 
0.5 
0.924 
0.028 
0.423 
0.025 
0.05 
0.05 
100.00 
13.37 
30.75 
4.50 
2.51 
5.78 
43.09 
2562.70 
0.28 
1.29 
0.77 
1.56 
0.83 
119.99 
"Trace mineral premix per kilo gramme of diet: 
Cu (CuS0
1
.5H
2
0, 25.00% Cu)- 2.70 mg; Fe (FcS0~.7H20, 20.091% Fe)- 27.03 mg; 
Mn (MnS04.H20, 36.01% Mn)- 11.71 mg; Zn (ZnSO~, 40.17% Zn)- 27.03 mg; I 
(KI, 76.01% I)- 5 mg; Se (Na2Se03, 53.02% Se)- 0.27 mg 
hVitamin premix per kilo gramme of diet 
Vitamin A- 20,000 IU; Vitamin 03-3000 IU; Vitamin E- 16.00 mg; Vitamin K-
2.00 mg; Vitamin B,- 1.60 mg; Vitamin B:.- 10.00 mg; Vitamin Be,- 3.20 mg; 
Vitamin B 12 - 0.041 mg; Niacin-24.00 mg, Calcium pantothenate-16.00 mg; Folic 
acid- 1.60 mg; Biotin- 1.00 mg; Ascorbic acid- 100 mg; Choline- 1500 n1g 
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equ.:-..i meals per day at 09.00 and 16.00 
hours. After two hours of offering the 
feed, the leftover feed was collected by 
siphoning to determine the weight of the 
residue and to calculate the actual feed 
consumption per fish per day on dry 
matter basis after oven drying ( 1 00 ± 
2oC for 12 hours) of feed offered and 
feed residues (AOAC, 1995). The body 
weight of the fish was recorded at the 
end of feed restriction and full feeding 
periods and the daily ration was 
adjusted accordingly; live weight 
change was also calculated. The water 
was changed 25% daily, and the walls 
of each tub were sc1ubbed and washed 
before refilling the tubs with water. 
Feed conversion ratio (FCR), 
feed efficiency ratio (FER) or gross 
growth efficiency (GGE), protein 
efficiency ratio (PER), perfon11ance 
index (PI), specific growth rate 
(SGR), absolute growth ratio (AGR), 
survival rate (SR) and mortality (%) 
were calculated as per the standard 
procedures and the formulae given 
below: 
Feed (DM) intake (g) 
FCR 
Live wt gain (g) 
Live wt gain (g) 
FER or GGE = -------
Feed (DM) intake (g) 
Live wt gain (g) 
FER or GGE = -------
Feed (DM) intake (g) 
Live wt gain (g) 
FERorGGE = 
Feed (DM) intake (g) 
Loge W t Loge W 0 
SGR (%) X 100 where, 
t 
W t - Weight (g) attained after specific period of time 't' of experiment 
W 0 Weight (g) at '0' day of experiment 
t Specific period (hour, day, week, month or year) of experiment 
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Weight gain (g) 
AGR (g/d)= 
Time {d) 
Total live fish (no.) 
SR (%) - X 100 
Total fish at '0' day (no.) 
Total dead fish (no.) 
Mortality(%)= X 100 OR 100 --" SR (%) 
Total fish at '0' day (no.) 
Weekly water quality parameters 
were estimated as per the standard 
methods (APHA, 1989). Ten fish 
initially, and five fish from each 
replicate of each group after 45 and 90 
days of trial period were collected and 
chemical composition like dry matter, 
organic matter, crude protein, ether 
extract, total ash and nitrogen-free 
extract of powdered pooled muscle 
were estimated as per the methods 
described by AOAC (1995). The data 
were analyzed statistically as per the 
methods described by Snedecor and 
Cochran (1994) using Compare Means 
(SPSS, 1 997). 
RESULTS AND DISCUSSION 
Throughout the experiment, the 
water quality parameters (Table 2) of all 
experimental groups were within the 
Table 2: Water quality parameters during recovery growth study in rohu 
(Labeo rohita) for 90 days 
Dissolved Total alkalinity Temperature (°C) pH oxygen 
(ppm) (ppm CaC03) 
Treatment 
TcFR 25.31±0.63 7.03±0.09 6.97±0.14 129.32±16.58 
TtFR 25.28±0.30 7.12±0.1 3 7.66±0.41 132.11±13.24 
T2FR 25.48±0.43 7.27±0.3 I 7.08±0.17 135.5±13.29 
T3FR 25.48±0.42 7. I 8±0.25 7.29±0.23 141.51±10.21 
T4FR 25.73±0.19 7.56±0.33 7.60±0.61 136.43±12.33 
p >0.05 >0.05 >0.05 > 0.05 
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optimum levels for fish production 
(Banerjee, 1976), which indicated that 
water quality did not produce any stress 
to the fish during the trial period. The 
performance parameters of fish due to 
different feeding schedules are 
presented in Table 3. The survival rate 
ofrohuduring 1-45 days and46-90 days 
of trial did not vary significantly 
between any of the treatment groups 
and in each case, the average survival 
rate was more than 90%. Fish mortality 
pattern in all the treatment groups 
suggested that no treatment was 
substantially more stressed than others; 
rather it is suspected that the death 
occurred due to disturbance and 
handling during feeding, length 
measurement and weighing of fish, 
which were necessary to implement the 
stUdy design. The final body weight of 
any group did not differ significantly at 
the end of the experiment. Percent live 
weight gain, SGR andAGR of deprived 
groups increased with the advancement 
of the experiment, which indicated that 
during deprivation, growth retardation 
occurred and gradually, these fish tried 
to compensate reduced growth showing 
increased rate of growth, which might 
be owing to increased feed intake 
(hyperphagia), FER or GGE, PER and 
also superior FCR reflecting better 
performance index. These might be the 
probable mechanisms of recovery 
growth as observed in the present 
experiment. At the end of the 
experiment, it was noticed that the total 
feed intake was less in deprived group 
than control but daily percent feed 
intake on body weight was more in 
deprived group than control and this 
linearly corresponded with the duration 
of deprivation. This might be due to the 
tendency of fish to compensate the 
growth retardation during dry matter 
deprivation. So, hyperphagia might be 
another mechanism of recovery growth. 
The final length ofthe fish changed in a 
fashion similar to that of final body 
weight indicating that the recovery 
growth happened due to protein growth 
and certainly not due to fat deposition in 
the gut. 
Similar to the present observation, 
Wang et al. (2000), and Li and Qin 
(2003) found that specific growth rates 
in deprived groups of tiJapia and Lates 
calcar[fer, respectively, were greater to 
achieve compensatory growth. The 
present finding is also in corroboration 
with the observation of Jiang et al. 
(2002) who reported that as starvation 
prolonged, feed conversion efficiency 
increased; feed conversion efficiency 
was superior in deprived groups than in 
control. 
Gaylord et al. (2001) observed in 
channel catfish that fish on a restricted 
feeding regime had improved 
cumulative feed efficiency compared to 
fish fed daily to apparent satiation. 
Improved- growth and feed efficiency 
had also been reported in some other 
fishes showing compensatory growth 
(Job ling et al., 1994; Qian et al., 2000). 
Hyperphagia might be one of the 
important mechanisms for 
compensatory growth as corroborated 
by the observations of Schwarz et al. 
(1985), Wang et al. (2000) and Nikki et 
al. (2004). 
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Table 4: Muscle proximate composition of rohu fingerlings reared on different 
feeding schedules for 90 days 
Treatment 
TcFR TtFR T2FR T3FR T4FR p 
Parameter 
Initial moisture (%) 81.71±0.53 81.54±0.22 81.36±0.37 82.38±0.46 81.27±0.89 >0.05 
Initial crude protein (%) 
1 1.22±0.14 1 1.30±0.42 11.46±0.24 10.87±0.25 11.61±0.56 >0.05 
Initial ether extract (%) 
2.68±0.11 2.72±0.15 3.22±0.23 2.66±0.28 2.85±0.17 >0.05 
Initial total ash (%) 
Moisture(%) 
Crude protein (%) 
0-45d 3.97a±0.09 3.67b±0.04 3.52b±0.04 3J3c±0.04 3.02d±0.06 <0.05 
Ether extract (%) 
45-90 d 4.53a±0.09 4.23b±0.04 4.08b±0.04 3.89c±0.04 3.58d±0.06 <0.05 
0-45 d 1.20d±0.09 1.40c±0.09 1.48bc±0.02 1.5rb±0.o2 L6r±o.o4 <0.05 
Total ash (%) 
45-90 d 1.16d±0.09 1J6c±0.09 1.43bc±0.02 1.53ab±0.02 1.63a:t0.04 <0.05 
Means bearing different superscripts along rows differ significantly (?<0.05), whereas 
those the with same superscript do not. 
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~he chemical composition of fish 
muscle (Table 4) atthe end ofthe 90-day 
trial indicated that protein deposition in 
muscle is the highest in T1FR followed 
T2FR' and the lowest in T4FR followed by 
T3FR· However, fat deposition was more 
in fish reared on continuously high dry 
matter, which suggested that the higher 
growth efficiency during compensatory 
growth was probably due to protein 
growth rather than fat deposition. De 
Silva (1985) also reported higher 
protein deposition in fish grown on 
mixed feeding schedules. Jobling et al. 
(1994) suggested that the muscle 
composition may differ between 
animals displaying recovery growth 
. and normal body growth, and that 
animal with preferential accretion of 
lean body mass would be expected to 
display better feed efficiency than those 
depositing greater amounts of body fat 
as confirmed in the present experiment. 
The argument was supported by the 
findings in gibel carp, Carassius 
auratus gibelio, which showed 
improved feed efficiency and 
preferential protein growth during 
recovery growth (Qian et al., 2000). 
Based on the economics of 
production, it is very clearly seen that 
the implementation of alternate feeding 
regime with 1 and 3o/o of body weight 
for 25 days during the 90-day trial 
period is feasible. It is possible to 
minimize the feed input cost and 
thereby reduce the overall production 
cost to a large extent to economize the 
operation. 
Rohu fingerlings are known to 
grow well under culture condition with 
30-35% protein diet (Shetty and 
Nandeesha, 1988). Since the growth 
attained in feeding schedules of 
alternate 3, 7, 15 or 25 days of 
deprivation and full-feeding was 
comparable to the group fed 
continuously with high dry matter, it 
appears that this species does not 
require the same dry matter input every 
day. The existence of rhythmicity in the 
digestibility of protein has been 
reported in Etroplus suratensis (De 
Silva and Perera, 1983) and 
Oreochromis niloticus (De Silva and 
Perera, 1984). De Silva (1985) showed 
that mixed feeding ofNile tilapia results 
in higher growth and better returns than 
feeding continuously with a high-
protein diet. The result of the present 
investigation indicates the possible 
existence of such rhythmicity in rohu 
and feeding at 1 and 3% of the body 
weight alternating at 25-day intervals in 
the present experiment indicated that 
rohu culture with this feeding schedule 
might economize the culture operation. 
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